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and RNA-based investigations relate it to a fungus. 5, 33 It causes pneumonia in immunocompromised hosts and is best known as a pathogen of AIDS patients and immunosuppressed transplant and cancer patients. In the veterinary literature P. carinii pneumonia (PCP) has been reported in foals 1, 32 (especially Arabian foals with inherited severe combined immunodeficiency 21 ), in pigs, 15, 24 and in domestic goats. 19 Only a few cases of P. carinii pneumonia have been reported in dogs, and most commonly among young ani-ma1s. 2, 8, 9 As a clinical disease, it often has had a fatal outcome.
The only part of the life cycle of the organism that is known is that involving the mammalian lung, in which 2 main developmental stages can be identified: the trophozoite and the cyst. 35 Cysts may be found with up to 8 intracystic bodies (trophozoites) or be found ruptured and empty.
Diagnosis of PCP is difficult due to the absence of any specific alterations in hematological or biochemical parameters or in thoracic radiography. Although serological methods have offered valuable information in epidemiological studies, 3 they are not reliable for diagnosing PCP due to a possible underlying immunodeficiency. 7 Recently, circulating P. carinii DNA has been identified during acute PCP, but the diagnostic usefulness of this finding has not been established. 23 Definitive diagnosis of P. carinii is based upon direct visualization of the causative organism from respiratory fluids or biopsy specimens. Several histochemical stains are useful, and diagnostic immunohistochemical kits are available. When using immunohistochemistry it is notable that host species-specific antigenic variation has been demonstrated in P. carinii. 10 The development of polymerase chain reaction (PCR) techniques has given a new diagnostic alternative for identification of the organism. 34 A Cavalier Ring Charles Spaniel (1.5 years, male) with respiratory signs unresponsive to therapy was referred to the Small Animal Hospital, College of Veterinary Medicine, Helsinki, Finland, in October 1994. The dog had suffered many problems during its first year, including tibial fracture, a large abscess in the stifle region, gastroenteritis, and erosive inflammation in the mouth and tongue. Erosive lesions were detected also at the beginning of the respiratory disease. The examination for canine distemper virus by immunofluorescence testing of cytological specimens had been negative. The dog had been vaccinated twice against distemper.
Progressive respiratory signs had appeared 2 months prior to referral and included cough and dyspnea. The dog exhibited poor appetite and exercise intolerance. Therapy with antibiotics (amoxicillin clavulanic acid, tetracycline, cephalexin) produced no response. Some relief, especially at night, was obtained with low-dose corticosteroids (2.5 mg prednisolone/day for 1 month). The dog was afebrile and dyspneic with increased abdominal effort in respiration. Cyanosis became evident after slight exercise. Lung auscultation revealed respiratory crackles and wheezes. A soft murmur was auscultated on the left and right thorax. In thoracic radiographs diffuse interstitial and peribronchial densities were seen throughout the lungs, giving the impression of a reticular structure with micronodule formations (Fig. 1 ). Chronic alveolar densities could be seen in all parts of the lungs.
Prominent leucocytosis (42,000/µl), mature neutrophilia (37,300/µl), and monocytosis (3,200/µl) were the main hematological abnormalities. Arterial-blood gas analysis showed severe hypoxemia (P a O 2 64.8 mm Hg, reference values 78-101) and a marked alveolar-arterial oxygen difference (A-aDO 2 , 30.7 mm Hg, reference value < 10). In the serum biochemical analysis, the total protein and albumin values were in the low normal range (total protein 5.4 g/dl, albumin 2.4 g/dl), with other parameters (calcium, potassium, sodium, chloride, alanine aminotransferase, alkaline phosphatase, urea, creatinine, and glucose concentrations) in the normal range. Serum electrophoresis revealed a low gamma globulin fraction (0.10 g/dl, reference values 0.22 to 0.77 g/dl) and a peak in the alpha-2-globulin fraction (1.51 g/dl, reference values 0.21-0.85 g/dl). The fecal flotation test for parasite ova was negative.
Bronchoalveolar lavation (BAL) was performed with a flexible fiberoptic bronchoscope a in intravenous medetomidine b -propofol c anesthesia. Fifteen milliliters of sterile saline at room temperature was introduced through the bronchoscope's biopsy port to the left diaphragmatic lobe. A total of 4 ml was recovered and stored immediately on ice. The BAL sample was filtered and centrifuged at 200 x g for 10 min; the pellet was washed and suspended in 2 ml of phosphatebuffered saline d (PBS). The total cell count was obtained by staining an aliquot of the sample with 0.5% trypan blue 1:1 and counting the cells in a Bürker chamber. Samples sufficient for yielding aliquots of approximately 300 cells per slide were used for the cytocentrifuge e procedure (225 x g, 10 min). For differential counting, the slides were stained with May-Grünwald-Giemsa (MGG). For P. carinii identification in BAL samples, toluidine blue-O (TBO) and 2 immunohis- tochemical staining kits were used: SMo, f which is known to stain cyst stages of the human and rat organisms, 30 and Cmo, g which, according to the manufacturer's information, stains both cysts as well as trophozoites.
The foamy appearance and the macrophages seen in BAL samples indicated that lavation had reached the alveolar space. The total BAL-fluid cell count was 4,900/µl, with 73% neutrophils, 21% macrophages, and 6% lymphocytes. The presence of P. carinii was suggested by multinucleated bodies, approximately the size of red blood cells, containing up to 8 tiny red-violet nuclei, and by similar nuclei individually scattered throughout the Giemsa-stained BAL smears. There were also foamy, slightly eosinophilic empty globular structures located extracellularly. These structures were, in subsequent specific stainings, confirmed to be the cyst and trophozoite stages of P. carinii (Table 1; Figs. 2, 3) .
Three days after BAL sampling, a transcutaneous fineneedle aspiration (FNA) sample for cytological and PCR examination was taken from the right lobe of the lung using a 23-G needle under local anesthesia with 2% lidocaine hydrochloride. 27 The dog was very cooperative during the pro- cedure, and no respiratory deterioration occurred after the sampling. From the aspirate, a smear was prepared, air dried, fixed in +4 C acetone for 10 min, and stained with CMo and DMo. Both stainings showed a large number of immunoreactive particles.
A diagnosis of P. carinii pneumonia was made on the basis of the preliminary results, and specific therapy with high dose (60 mg/kg/day) trimethoprim sulfonamide and folinic acid (1 mg/kg/day) 11 was initiated, but the dog died on the same day the medication was instituted, and was sent to necropsy.
A thorough necropsy showed the dog to be slightly emaciated, with all visible mucosal membranes cyanotic. All lymph nodes were atrophic and difficult to find; histopathologically they lacked germinal centers as well as paracortical lymphoid tissue. The architecture of the remaining structures was loose. The spleen was small and firm, showing histopathologically only a few follicular structures and periarterial lymphoid sheaths. The splenic trabeculae were prominent. In the heart, mild changes typical in the atrioventricular valves.
of endocardiosis were seen
The main gross lesions were associated with the lungs. The lungs were diffusely edematous, firm, and rubbery. The general color was brownish red, with diffuse yellowish-brown granular and patchy foci. The trachea and main bronchi were clean. A serous exudate in the distal bronchioli and interstitial tissue was easily detected on the cut surface of the lung.
Formalin -fixed and paraffin-embedded lung-tissue specimens were stained with hematoxylin and eosin (HE), van Gieson, Gomori's modification of Grocott's methenamine silver staining (GMS), and immunohistochemically with the avidin-biotin peroxidase method, with the primary antibody being P. carinii-specific monoclonal antibody (DMo). h This antibody is known to stain both cyst and trophozoite stages of human-origin organisms. 30 The lung showed changes typical for diffuse interstitial pneumonia; in some areas only minimal inflammation was present, with the number of inflammatory cells generally low, consisting mainly of macrophages with a smaller number of polymorphonuclear neutrophils and lymphocytes. Nearly all alveoli in sections stained with HE were filled with foamy eosinophilic exudate ( Fig.  4 ). Tiny basophilic dots were occasionally seen within this material. Grocott's methenamine silver staining allowed identification of a large number of P. carinii cysts in the alveolar exudate. Van Gieson-stained lung specimens showed interstitial fibrosis, predominantly in the alveolar septa, and the specimens showed specific immunoreactivity when stained with anti-P. carinii antibody (DMo) (Fig. 5 ).
Lung-impression smears were prepared by the cut surface of the lung being pressed on the slides and stained by TBO, CMo, and SMo. A large number of immunoreactive organisms were revealed both with immunohistochemical staining kits (SMo and CMo) and with the TBO staining ( Table 1) .
Quantitation of the cyst burden was done from the collagenase i -digested lung specimen as previously described, 29 giving a final concentration of 1.1 x 10 7 SMo-reactive cysts per gram of lung tissue.
Glutaraldehyde-fixed samples were processed routinely for transmission electron microscopy (TEM). Although autolytic changes were obvious in TEM, it was easy to observe that most of the alveoli were filled with trophozoites and cysts ( Fig. 6 ). Ultrastructurally, these organisms were undistinguishable from human and rat P. carinii. 18, 35 Postembedding immunoelectron microscopy was done with Epon j -embedded ultrathin sections incubated with SMo antibody, as described in detail elsewhere. 30 The SMo-antibody reactivity was localized to the electron-lucent middle layer of the cyst pellicle ( Fig. 7) , but trophozoites did not show specific labeling. The localization was the same as has been reported from rat-and human-origin organisms. 30 Deoxyribonucleic acid from the collagenase-digested lung homogenate was purified according to the manufacturer's protocol. k The PCR amplifications were performed by a nested PCR assay (Olsson et al., manuscript in preparation) based on the thymidylate synthase (TS) gene sequence of rat P. carinii. 6 A single-step PCR was originally developed, 20 by which specific rat and human P. carinii DNA can be detected. The nested PCR assay amplified by 35 + 35 cycles a DNA fragment of 131 bp, as predicted from the TS gene sequence, and was detected on ethidium bromide-stained agarose gel (3% Nusieve-1% agarose 1 ). Different volumes of the lung homogenate DNA extract were used in the first round of PCR to compensate for possible co-extracted Taq-polymerase inhibitors. In all PCR experiments, DNA extracted from P. carinii-infected human lung tissue was used as the positive control and water as the negative control. Initially, we could not reproducibly detect the specific DNA fragment of dog P. carinii by this protocol (data not shown), which includes annealing temperatures of 50 C in the first and 48 C in the second (nested) amplification. But after decreasing the annealing temperature in the nested amplification to 44 C, we obtained a dense band of expected size with different volumes of the DNA extract ( Fig. 8) .
Pneumocystis carinii organisms can be found in animals with no clinical disease symptoms, and latent or subclinical infection seems to be relatively common in mammals. In a prevalence study in Denmark, 1 of 106 (0.9%) apparently healthy dogs was positive for P. carinii organisms. 25 In a Japanese study, 2 of 13 dogs examined were positive, 26 but the health status of the dogs was not recorded. Most reported PCP cases in dogs have been diagnosed in Miniature Dachshunds 2 and never before in the Cavalier King Charles Spaniel. Due to the limited number of reports, it would be premature to draw any conclusions concerning breed predisposition. The affected dogs have been young, 2, 8, 9, 17 and usually suffered a fatal outcome, suspected to be due to congenital immunodeficiency. The case history of our dog does have features suggestive of some kind of immunodeficiency. It had suffered from various clinical problems, had a low gamma globulin fraction in the serum electrophoresis and showed lymphatic hypoplasia in postmortem examination.
Hypoxemia and an increased alveolar-arterial O 2 tension difference (A-aDO2) are the common findings in measurements of arterial blood gas in human PCP patients, features helpful in evaluating the severity of pulmonary involvement. 13 In our dog, prominent hypoxemia and increased A-aDO2 were correlated with its severe pulmonary involvement. In the dog, PCP cannot be differentiated radiologically from other pulmonary infections. 31 The reticulonodular pat-tern found in our dog is usually seen only in fairly uncommon respiratory diseases such as disseminated bronchoalveolar neoplasia, fungal pneumonia, and some forms of noncardiogenic edema. 31 To date, definitive diagnosis of P. carinii pneumonia has been based on direct visualization of the organism or on amplification of specific DNA/RNA in samples from the lower respiratory tract. Non-invasive methods such as induced sputum sampling are not available in veterinary practice; an adequate lung sample can be collected either by FNA or BAL. Sedation is generally not needed for FNA sampling, and physical restraint is usually adequate for most animal patients. Pneumothorax is the most serious complication with FNA. 27 Bronchoalveolar lavation is a safe procedure in those animals that can tolerate general anesthesia, and mortality is usually reported to be low. 12, 27 Bronchoalveolar lavation yields more representative specimens in diffuse lung disease. In PCP, BAL thus seems to be the collecting technique of choice.
Pneumoncystis carinii pneumonia diagnosis based on Giemsa-stained samples requires an experienced investigator. The diagnosis is easier when the organisms are very numerous, and the typical eosinophilic foamy alveolar casts (FACs) are also seen in the BAL. Problems arise when these casts are absent: in human medicine this occurs in 32-80% of cases; 28 at least in these cases, confirmatory staining procedures are essential. Histochemical staining methods routinely used are TBO and GMS; they easily identify cyst-stages of the organism but are nonspecific.
Immunohistochemical stainings are specific, rapid to conduct, and easy to read. They were used on cytological, and also on formalin-fixed and paraffin-embedded material. A positive reaction is highly diagnostic for P. carinii infection. However, one should recognize that host species-specific antigenic variations have been reported, 10, 16 and those may yield false negative results when the antibodies are not confirmed as reacting with the particular host species-specific strain. Moreover, it has been shown, for example, that a rat can be infected with several subtypes of P. carinii. 4 Therefore, it could also be the case that the monoclonal antibodies reported here to react with canine P. carinii do not react with all isolates of canine P. carinii.
The diagnostic value of TEM investigation in PCP is limited. Although P. carinii can be identified ultrastructurally, the technique is complicated and demands special facilities, and there might be difficulty in obtaining a representative sample for antemortem diagnosis, especially if the organisms are sparse.
The development of the PCR, 22 a gene-amplification procedure by which any specific DNA fragment can be exponentially accumulated in vitro, has made it possible to detect very small numbers of pathogens in a clinical specimen. Generally due to the high sensitivity of the PCR, the clinical significance of a positive result must be considered with other findings. A modified nested PCR amplification protocol was used, based on the TS gene sequence of rat P. carinii, 6 for detecting a P. carinii-specific DNA fragment in the lungs of a dog. By use of a nested PCR instead of a labeled P. carinii probe to confirm the specificity of the first PCR, laborious hybridization procedures are avoided, and built-in specificity control is obtained with the inner primers. The PCR assay is successfully used for detection of both human and rat P. carinii DNA, a fact which indicates a similar DNA sequence of the 4 primer loci for human and rat P. carinii. A recent published report of the Pneumocystis TS gene 14 shows only an approximately 80% identity between rat and human P. carinii, but the non-identities were located primarily in the introns. The outer primers of this PCR assay are, however, located in conserved regions of the TS amino acid sequence, 6 and the inner (nested) primers are designed from coding parts of the TS gene. The modified (decreased) annealing temperature of the nested PCR, thus reducing the conditions for stringency, indicates that P. carinii of the dog is genetically distinct from human and rat P. carinii, and it was assumed that the heterogeneity may consist of single base exchanges of the inner primer binding sites of the gene. In a recent study, P. carinii was also detected by PCR in a dog, but no indications of genetic differences were reported. 9 Further sequence analysis of the P. carinii TS gene or other genetic loci of the P. carinii genome are, however, needed to elucidate the extent of the relationship between P. carinii from the dog and other mammalian hosts.
The protozoan parasite Neospora caninum causes abortion and neonatal mortality in cattle, sheep, goats, and horses. 6 Until 1988, N. caninum was misdiagnosed as Toxoplasma gondii because of close structural similarities. Neosporosis has not been recognized to cause clinical disease in adult livestock species. The objective of this study is to report neosporosis in a 10-year-old horse.
On August 4, 1994, a 10-year-old Appaloosa mare was submitted dead on arrival to the Veterinary Medical Diagnostic Laboratory, University of Georgia, Athens, Georgia. The mare had been pastured with 2 other healthy horses in Northeast Georgia, and had a history of chronic weight loss and profound anemia of unknown origin. Two sequential Coggins tests a had been negative. Due to deterioration in health, the mare was treated with dexamethasone and penicillin once daily for the 4 days preceding death.
A complete necropsy was performed, and selected tissues were fixed in formalin and routinely processed. Sections of tissues were examined microscopically after staining with hematoxylin and eosin (HE), periodic acid-Schiff, Giemsa, Gram, Gomori's methenamine silver, and acid-fast stains. For immunohistochemical examination, deparaffinized sections of most organs were alternately stained with N. caninum and T. gondii antibodies using reagents and controls as described. 2,10 Specimens of formalin-fixed paracortical tissue from a mesenteric lymph node were postfixed in osmium and processed for transmission electron microscopic examination. Mesenteric lymph node was stored at -30 C for 39 days, thawed at 37 C, and centrifuged at 1,200 x g for 10 Received for publication March 4, 1995. minutes. Dilutions of the fluid supernatant (1:25, 1:50, and 1500) were examined for antibodies to T. gondii by use of a modified agglutination test. 4 The lymph node was ground in sterile Hanks' balanced salt solution (HBSS), and centrifuged at 1,120 x g for 10 minutes. The sediment was suspended in approximately 10 volumes of HBSS containing 1,000 U penicillin and 100 µg streptomycin per ml HBSS. A portion of the tissue homogenate was inoculated onto human foreskin fibroblast cell culture and the cultures were examined for N. caninum. 11 The remaining portion of the homogenate was inoculated SC into 4 BALB/c mice and 4 Swiss Webster albino mice. Antibodies to T. gondii were not present in the equine lymph node supernatant. Cell cultures were heavily contaminated with bacteria within 1 day of inoculation with equine lymph node tissue and were discarded. Using an indirect fluorescent antibody test, antibodies to N. caninum 5,b and T. gondii were not found in sera of mice, and protozoa were not seen in brains of mice euthanatized 98 days after inoculation with equine lymph node tissue. Failure to culture N. caninum was not unexpected as the organism usually does not survive freezing without cryopreservatives. 9 At necropsy, the mare was icteric and emaciated with prominent serous atrophy of fat in pericardial and mesenteric adipose tissue. Clear effusions were present in the thoracic (2-liter) and abdominal (3-liter) cavities. Lymph nodes were markedly enlarged and there were large thrombi in the sinuses ( Fig. 1 ). There was diffuse mucosal hyperemia and edema in the distal two-thirds of the small intestine, with multiple superficial mucosal ecchymoses scattered throughout the ileum. The colon contained dark green poorly formed digesta. Salmonella spp. were not isolated by bacterial cultures of the intestines, and parasite ova and oocysts were not revealed by fecal flotation.
Microscopically, portions of the medullary and subcapsular sinuses of all mesenteric lymph nodes were filled with blood, hemosiderin-laden macrophages, and occasional ag-
